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Foreviord

The coniscope survey at Cape Kennedy, Fiorida, was suthorized by
teletype from the District Engineer, U. S. Army Engineer District,
Canaveral, Merritt I3land, Florida, dated 21 April 1955, to the Director,
U. S. Army Engineer Waterways Expcrimeat Station (WES), Vicksburg,
Mississippi.

The investigation was conducted by Messrs. H. T. Thornton, Jr.,
and R. F. Black of the WES Concrete Division, with the assistance of
#r. Joe '%'Ioad;‘z;fi:, Chief, District Labcratory, Canaveral District, and

Mr. C; M. Stewart, Jr. This report was prepared by Mr. Thornton, under

the supervisicn of Messrs. T. B. Kenncdy, B. Mather, and E. F. Mefoy, Jr.,

211 of the ¥ES Concrete Division.
Director of the VES during the conduct of this investigation and
aration and publication of this repori was Col. John R. Oswalk,

echnical Director was Mr. J. B. Tiffany.
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Sumary

Soniscope tests were conducted on concrete of pad 38-A at Cape
Yennedy, Florida, to determine whether cracks present in the concrete
ware caused .by rlacement of inferior guality concrete or by stresses
imposed on normally good concrete. Compressive strength and pulse
velocity tests were also conducted on €- by 12-in: concrete cylinders
made from a mixture comparable to that used in pad 39-A to aid in
determining the quality of the concrete.

The “ests revealed that the concrete is of generally good to

xcellent quality aund that the cracking was -caused by stresses of an
undetermined nature: . i
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SONISCOPE SURVEY, PAD 39-A, CAPE KENNEDY, FIOKIDA

Introduction

Purpose
- l . The purpos: of this investigation was to examire concrete in

areas ofr launch pad 39-A, as directed by Cape Kennedy personnel, o

determine the gener:l quality of the concrete used in the structlire—_, and

>

to try to determim. i the cracking in the structure was associated with
inferior quality concrete.

Teét cquipment

Procedure . -

2. The equipmert used in this survey was similar to that described
in CRD-C 51-57.% The soniscope is an instrument that transmits p‘oises
of u_trasonlc waves through a material and electromvally measures tne
t:.me of travel from the transmitier to a receiver whl.:.e each is hela
against the surface of the .material a known distance apart. The velocity
through the material is computéd from the time of travel and the path
length. This velocity provides an index to the condition, or quality, of

concrete through which the readings are taKen. The general rule of thumb

- »

used is:
:Teloelcy, ijps _Quality
;Eﬁcellerxt
Generally good
Questionable

:Genemliy ooy
Very poor

2. The pro edure outlined for the investigation of pad 39-A was

Tak veloclity measurements ﬁzrcugh several rections of
rently undamaged concrete to establish a representative
ve f*n:fitv for the gcod concrete.

U. 5. Army B i v!atnrmc;s Exnerme'z  Station iy ES; Handbock For
Cuncrete ana Of zent, with guarierly supplements {Vickstures *r.zss..

Awmst 1949).
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b. In all areas, note any significant deviatior in velocity
which would indicate inferior quality concrete.

Cs Take velocity measurements in areas where damage is evi-
enred by cracking.

d. Try to determine if the apparent damage was caused by
placement of inferior gquality concrete or by stresses
imposed c¢n normally good concrete.

Establish a correlation between pulse velocity and. compres-
sive strength by determining these two properties on several
6- by 12-in. cylinders made from a mixture comparable to
that used for the concrete in pad 39-A.

I

Tests and Results

e" 4a test.,

B, A tota._ of 113 velocity measur °ment., vere made in eight areas

of pad 39-A. Of this number only 36 velocities wére below 14,000 fps,. and
all of these were measured in areas vhere damage due to cracking was
- . evident. The areas where tests were performed and the data obtained are
descrived in the following paragraphs.
5. West. wall of ECS. ‘oullding.

a. MNorth end near ceilmg. All readings in this area wWere
T %oken diagonally through the wall from station 1 (nla{:o 1) :
on the east face to siations located on the west face of -
the wall. The path of each reading passed through concrete
in which damage by cracking was apparent. One mecasurement
vwhich produced a velocity of 15,245 fps sesmed to be
gifected very little by the one crack in its path. Howevar,
the cthexr =ight readings m this area ranged between 12,030 . -
Tps and "tou poor to read," thus showing the drastic affect
that cra.ging can have on pulse velcciby. Resulbs of tesis
in this area are given in plate 1.

b. Just south of area discussed above. A total of 36 measure~
ments were -taken in this area (pizse 2). Six of these were
taken stralg,nt through the wall, and 30 were taken diagonally
from s ations on the west face to stations on the east {ace.
; me six straight-through readings averaged 15,400 fps. Most
the diagonal readings were taken through m:u*kau areas .
anu conseguently showed velocities- below 15.15\0 fos. iow- =
. evar, since only six velocities were below 13,000 fps and
the lowest of these was 20,295 {ps, the e“"‘act of cracking
; on velocily in this area do2s not scem fto be drastic. Threo
of the stations on the mesi face of the wali were located in
. yatched areas, but the patches secemed to have very little,
N ifT any, effect on velocities. Kesulis of tests in this area
- LT arc given in plate 2.

-] ) ) -
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¢. Between roll-up door and large opening., Four readings were
- tgken through the section oi' wall between the roil-up door

and the large opening north of the dwor (rlate %¥). Two of
these resdings, taken through the undamaged area, produced
velocities of 14,610 and 14,925 fps. ZThe two readings
taken through the cracked area gave veloeinies of 13,770
ani 12,425 fps. Plate 3 shows results of tests in this
grea,

=

d: South end. Thirty-two weasurements were made in this area
of the west wall {plate Lk}. Fifteen straight-through

readings averaged 14,570 fps. Of the s>venteen disgonal
readings taken, the six vwhich ¢id not eross - racks averaged
14,835 fps, and 4the 11 vwhich crossed cracks averaged 14,270
fps. The hairline cracks in this aren had wery little
effect on velocity.

6. Recof adjacent to west wall of ECS building. Fill dirt was
excavated Trom the roof at four sites adjacent %o the west wall. Sta-

* tioms A; B, C; and D were located on the topside of the roof; one at

eachi of %he four -Sxcavated sites. Stations tearing the same letters (A;

B3 C; and D) were then Focated on thé underside of the roof directly

beneath. the four statio_x‘is on the 'tg;q{ From each of these staticns on the
underside of the roof, an array of points was established and nimbered
Tor the purpose of éxploring the surrounding concrete «ith a series-of
diagonal méégureméi@ts from ffg)e station on top to the stali{ion aml points
urzf}erneéiﬁe, Fié:‘ 1. shovs thé iccation of the four siatlions on ithe

383"

L30UTH WALL

NORTH wALL
///—.——.—u—.—-—.-‘.&-—

MEST WALL

Figz. Y. SHetion locations on rooafd oF
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rooftop. Plates 5, 6, 7, and 8 show the locations of points wround each of :

) stations A; %, ¢, .84 D on ‘the underside of the roof. These plates also
give the ¥ 'tz of tests at -cach of the fanr sites. There was 70 apparent

cra@:.‘ng ie “he vieinities of stations A and It, vor -did the velocity V -

measuraments revezl anything uwmisual. The areas srowund stations B and C

did show some crackineg, and the results sbtained at these two sites are

discussed oelow.

- 23

fos
&. Station B. The rool® in the vicinity of station B was cracked : -
‘n va‘;eral places (plate 6). The straight-through reading %
sfowed a “eloeity of 16,657 fps. The remaining seven readings - A
pmﬁ F’ﬁ. srlocitins between 15.285 and 12,415 Tps. Lower £

rez *-ugs were chitainel - - the number of cracks in the path of

-the n,,na’ increased. -

b. ufa.. un €, There was only one. visivle erack in the vicinity -
7 station ¢ {ple.te 7). The four velocities which were ;
significant SN ower thar the others were apparently affected :
By t’n ¥4 erack. The remaining velocitiss in this area were -
- : - i owx, and nothing unusual: was <ndicated.

- g,abor&tory Zests S 7

g 7. Sivkesn & by 125iR. concrete o-linders were tested for puise

volocity and then broken in coopressicn. The cyiinders vere made from

semples of éogicz‘et-;; vgad in several a-eas of pad 30-R; which was comparzble
the f'onc“ete used ir pad 39-A and was nronortxf‘red to have 2 compressive . . .5
sm'enﬂ“v‘t ot "i‘)’i{) psi st 23 days age. Six of the sne::...mnr., had comprussive .

kY -

strenglhs 2z .gi iz between 2705 and 3810 psi at 7 days age and velocities

ranging betwsa 2 43,030 and 14,570 fps: The 1‘em.a§nir@ %en specimens had
) cowpressive siren ‘;;;::x r_e;‘:zr-rmg befween 3350 and 5310 psi at 28 days zge E-
. and velozities beluwwern 13,375 and 18,45C fps. The data on these specimens =
- 2%~ snovn in th o1 L:re‘..g tabulati n. . - ; 514
7 Deys Age. - " . 2B7Days Ags B
Specimen  Comprozzive  Velogihy Specimen Corn"esswe Velocity .
_— - trERggthQ:.ngi, _Ips B Strength, vs. fps -

59-& a8 13,785 30D 5310 15,950
5Q-B. ) ’ la &0 30-E LL15 16,550
R 5%= 13,785 30-F Lot:3 15,940 :
- o0-A -1h,365 A2 48ko 1h,570 .
. 8041 14,365 Rz h700 14,365 S
€-c . ] ih,576 C-2: - h73s 1h,365 T
: ’ . i-G- -’4,5?85 T 1h,36S :
) 28-3 . 335 13,975 ) -
S - L 9'3-33 2'539 13,975 ;
R -t - LE15 13,975
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Using the data gwen in the precading tsbulation, 2 plot of compreassive
strength versus pulse velocity was made and the least-squares straight

fine was ~aleulated (fig. 2.

4

COMPHRILIVE STAEXKGTY M, o1

LEGEND
i —

SPECIVEN
AGE. DAvS LCTATEY

FLAMT TARNCH
PLAME TAENCH
FLALE TRENCH
COLuMny

VYHIKD FLOON SwACY, CASY WING
"8 ENILOING

UNOLTARWMNED

TR S A MM Gy 4280 | P g

i
T e

VELOLTY, FPs

Comprassive strength versus velocity for 6- by 12-in. oylinder:s
foaclusions

8. Tho velocities measured in the areas of undamaged concrede

ranged gencrally bebtween 1%;000 and 16,000 5. inaese velocities indiczbe
gea g

ceneraliy good to excellent quality cone rete. T the 112 velocity measuro-

L

e 0 0 5 M S, A T 0 s

ments made 2t pad 3V-A, only 36 were belcew 14,000 fps. ALl oi these 16
were nade across or in the vicinity of damaged concrete.

G, Resuliz obtained from the compressive strempth-pulse velocity

-

toats parformed on the 6~ by 12-in. cvlinders wh'ch were made Trom 2

conorate n.é:‘cuvr» Cuanparavie to ¥ § 3 5g-a:\ indicabts that a veloes
e
A,

of 14,000 fpr represents a eonpr 7.y =000 psi.
’ - N - -

ur
-4
-

-

3. Since sxamination ©
o indicate that the undw vsage
; ~ood o exzellent cualn»gi srive & of 2t leaat =000 psi . it

h»‘

i

is conciuded that the o cn} nz in ihe stmchure wio cuusea 1y obresses
5 2

an undeternined nyiure,
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LCRACK VISIGLE FROM —l
EAST SIUE ONLY

NOTE: STATION 11S ON EAST FACE.

STATIONS 1A THROUGH 9A
ARE ON WEST FACE

STATILNS ARE REFERENCED
TROM CORNE& OF DOOR.

. ) b "
W PV I E ALY SO, i SIS e gD AR T I T

-CRACKS VISIBLE
£RCM BOTH SIDES

DOOR DPENING
INTO SMALL ROOM

LOOKING WESY

-PATH .
STATION | LENGYs VELOCITY,
NUMBE®R FY . FPs HEWARTS

W 6

1-TO 1A 2.5 15 225
t I zA 472 s.918
1103 6 43 2,018
1 TONA 800 sais
1TO 58 ] TOX POOR TO READ
YO A& $.10 7.625
FTOTA 720 6515
1 TO 8k 5.38 T e
fross b si0 12.0%

e e i

ROTE  ALL REATINGS WERE TANEN DIAGONALLY fHAGUGH
TeE WRLL

STATIGN LOCATION: AND
PULSE 'VELOCITY DATA,
NORTH END OF WEST WALL
€CS BUILDING
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STATION-REFERENCE

v

LARGE OPENING
IN WALL

-
2 ! 2 )
I
- LOCKING VJE'sT

NC‘(E‘ STATIONS ? TﬂROUGﬂ 10 ARE LOCATiﬁ ON'EASY-FACE,

-STATIONS 1A, 5‘. A, 135, AND 12A ARE ON WESY FACE OPPOSITE
STATIONS 1, 5. - 19, AND 17, AEIPECTIVELY.

STATION 138 IS COCATED CN.BOTH FACES FOR A STRA'GHT-TMROJGH READING.
STATIONS 1A, 134, AKD-*7A WERE IM A PATCHED AREA -
STATIONS ARE REFERENCED FHOM CORNER OF LARGE OPENING Vi wALL

o}
1

: PATH OIRECTION OF 1 oeatm - D'REGTION OF
STATION-| LENG TN, VELOCTITY. READINGS STATION | LENGYH | VELOCITY, READINGS
NUMBER - FT £Ps THROUGH waLL numper |- FT s THROUGH WALL

tTOR} 130 14,708 STRAIGHT A TO 14 4.27 13,555 DIAGOHAL®
AT02 | 250 15.150 OIAGONAL 94 TO 12 518 13,735 GiaAGONAL
tATOD 1.27 11,675 GIAGONAL® 95 YO & N 14,330 DIAGOLAL®
1ATGS 6.18 18,610 CIAGONAL 9N TO2 %11 18,045 DIAGONAL®
IATOS 2,50 13,890 DIAGONKL oA TO 20 7.3 10.295 DIAGO=AL®
1A YO : . 4 14,090 CIAGONAL® SA TO 18 475 120 | ciaGgownave
WMTOT L $1,55¢ -OIAGONAL* 13TO 134 1.50. 15,629 STRAIGKT
1A TOE - 13,960 DIAGONAL® 134 TU 14 280 | 14.70s DIAGONAL

S TO SA 15,0% STRAIGHT 138 TO 15 - .27 13,348 DIBGONRLY
SA T0S 14,538 DIAGONAL® 13A TO 16 5. 18,085 DIAGONAL «
A To? . 13.4% DIAGORAL® 3R TO 1B T A, 11,350 DNAGOR AL
SATOR . 13,678 OIAGONAL® 15 7O 174 61D STRAIGHT
SA YOS | 14,793 DIAGORAL 12 TO V7A - 15,958 STHAIGHT
{sa voa0 1,128 DIAGONAL® 175 10 & 14,785 OIAGONAL
s YO 11 - 12695 |- DIAGONAL® 1748 10 19 3 18,130 DIAGONAL®Y
SA TO VX . T 13475 DIAGOUAL® 1 YO 20 14,478 DIAGORAL®
© 9 TO 9% 15,185 STRAIGHT 17A TC ¢S & 12,395 DIAGONAL®
SA 1O 10 | 14,535 OIAGONAL® 174 TD 16 . 1 14620 I CTIAGORAL®

STAT!ON LOCAT!ON AND
PULSE VELOCITY. DATA
WEST ‘WALL JUST SOUTH
OF AREA IN PLATE 1
ECS BUILDING
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SYATION 4

STATION 3

ROLL-US DQOR

4

STAON 2

LARGE OPENING

A STATION !

.
0

CRACKS

LOCKING WEST

HOTE: STATIONS t AND 2 ARE LOCATED i CENTENR OF SOUTH FACE OF OPENING
STATIONS 3 GND 4 ARE LOCATED IN CENTER QF MORTH #£3.CE OF DOOR

STATION
HUMBER

=

PATH
CENGTH, VELOCITY.
FT FP5 REMARKS

1703
1704
2703
2704

4,92 12,425 THROUGH CRACXS
.30 10,770 THROUGH GRACKS
7.00 14,575
s7? 14,610

STATION LOGCATION AND
PULSE VELOCITY DATA,
WEST WALL BETWEEN

ROLL=UP DOGR AND
LARGE OPENING
ECS BUILDING
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o 212- SLEEVE

i
®
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3

e @ o

LOOKING EAST

NOTE: STATIONS 1 THROUQOH 15 ARE LOCAYED ON WEST FACE.
IDENTICALLY-LOCATED STATIONS OM EAST FACE ARE RUMRBERED
1% THROUGH 15A.
STATIONIS ARE REFERENCED FROM HORTH SIDF OF 22-tN. SLEE VE.

A

ey

e s

!

4

,
1
ik

v :j;,

!

1 4 -
PRTH ! PATH

STATION | LENGTH. | VELOGITY, ! STATION | LENGTHM. | VELOCITY
NUMBER FT FPS REMARKS ! NUMBER FT FPS REMARKS
1 TG A 1.0 13 @42% . 10 TO 1CA 1.0 !3,850 *
2Y0 24 150 12,703 - . 1170 1A 1.%0 14,285 .
370 34 1.20 15.23% . 12 TC 124 3.€ 15,153 .

4 TO 3A 1.50 14,28 . 1 1T704&A 2.50 24,705 et
5 7O $A 1.50 18,150 . 4 aTo 5.2 14 540
6 TO6R 5. 14,150 . jj sTcaa 522 13,975 et
270 3a 3.96 15,118 . 7A TO 1y 386 15.470 ..
21061 196 13,800 et A TO 18 395 13,045 .
370 as 6.5 14,190 3] 13 TU 134 1.50 15.30% -
310 o 356 11,948 =t 12 TO 148 1 50 14,285 .

WMk 5 e 14,410 ot !i 15 TO 184 1.50 12,850 .

A 10S 3.96 15,088 .t 11 TO 138 2.96 15.59C .
270 sA 2%0 1£,4% -t i 11 {0 184 2.50 12,538 e
Tr078 ! s 16850 -l nToass 136 14,285
8 TO8A 180 14,288 . 17O 154 10 60 13,383 er
27O 9A 1.%0- 14,708 . “ 370 134 10 66 1.910 - -

- - -

* CENOTES SEADINGS STRAIGHT THROUSGH THE WALL
*¢ RENOTES READINGS TAKEHN DIAGONALLY THROUGH WALL
? ACROLS-CRACK READING.

STATION- LOCATION AND
PULSE VELOCITY DATA,
SOUTH END OF WEST WALL
ECS BUILDING
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_ WEST-WALL

- FUAN
KOTE: STATION A:WAS MARKED DR -TOW A_H@'Q}_l@&é?ﬂSlQE_ OF RODF.
STATIONS 1 THROUGH:7 WERE 1.0CATED ON JNDERSIDE OF ROOF.
THERE WAS NG VISIBLE-DAMAGE. (N YKIS-AREA.

L PR P

- PATH -y 1
STATION I LENGTH. . VELOCITY, | ~
| NUMBER | FT |  FPs

1.
>

__REMARKS.

ATOA 28 | 16,025 T
A TS “3.54 . 15,000 >
A TO2 354 ‘15;130 ) .
A TO:2 3.54 : 13,875 o
ATOR 3.54 14,935 se
ATOS - 3.58 2 5 15,130 e
AYOE 3.54 q. 15,260- ..
A Y07 3.5 13,325 e

_ . :- ,
:DENOTES VERTICAL -READING STRAIGHT THROUGH
THE RCOF.
DENOTES DIAGONAL PZADINGS TAKEN FROM STA-
TION A ON TOP TG MOINRTS UN UNDERSIDE OF THE
ROOE,

A B WD e g )

TR

1b gL i D K8 S KB R e 1 8

STATIGN LOCATION .AND

PULSE YELOCITY DATA,

STATION A ON ROOF
ECS BUILDING
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_C WEST WALL

PLAN-

NOTE: STATION 8'WAS MARKED ON_TOP AMD ON UNDERSIDE
. OF THE ROOF;

STATIONS T THROUC H-7 WERE LOCATED ON UNDER-

. SIOK OF THE ROOF.

~ STATION
NUMBER -.

PATH

LENGTH,
FT

VELOCITY
FPS -

REMARKS

8To®
8701
8T0Z:
BTO3
a 7104
BTOS
8706
8T07?

250

2.28

324
"3.24

L IV O

s
3.54
YY)

16,665
15.285
15,140
15,208
13,358
13,845
12.810
12,418

.
vet
oot
eet

ooty
eett
se}

es}

> DENOTES VERTICAL READING STRAIGHY
THROUGH ROOF.

** DENOTES DIAGONAL READINGS TAKEN FROM
STATION 8 ON TOP TO-POINTS ON UNDERSIDE
~OF THE RGOF, 7 :

‘$ "ACROSS-CRACK READING.
1t READING TAKEN ACRCSS TWO CRACKS.
3 READING TAKEN -ACROSS THREE CRACKS.

-STATION LOCATION AWD
PULSE VELOCITY DATA,
_STATION B ON ROOF

ECS BUILDING

Vi A 2k Lo 0 IR I B Sk U R b o € s D e wlp FL 4
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WEST WALL _

PLAN

NOTE: STATION-C-WAS MARKED ON TOP AND ON UNDERSIDE OF THE ROOF,
STATIONS:1- THROUGH 8 WERE-LOCATED ON-UNDERSIDE-OF THE ROOF.

. PATH
STATION | LENGTH, | VELOTITY, T
" NUMBER T FPS REMARKS

cToc | 280 15,928 J

T e TO .24 15,355 ..
CcT0 2 3:28 ) 15,180 .
€T03 | 3.24 15,140 - .
‘cTOM& - 3.28 15,385 i
cTOSs 472 13,300 .
£T06 5.1% 13,998 eet
cCT07 _S.18 14,070 ’ et
cTO8 T osis ] 13,808 i 231

* ‘DENOTES VERTICAL READING STRAIGH™ THROUGH
THE ROOF, '

** DENOTES DIAGONAL READINGS TAKE® FROM STA«
" TION C ON TOP'TO POINTS ON UNDERS!DE OF TKE
ROOF. .
ACROSS-CPACK READING.

STATION LOCATION AND
< PULSE VELOCITY DATA,
STATION: C ON- ROOF
ECS BUILDING

M"
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| WEST WALL

‘PLAN

NOTE: STATION. oiwg.,jnxe.o ON-TOK AND ON UNDERSIDE OF THE ROGF.
“STATIONS:1-THROUGH € WERE LOCATED ON UNDERSICE OF THE ROOF.

THERE WAS NO. VlSlBLE DAMAGE IN THIS AREA.

| sraTion VELOCITY, i
Nuuaen i: : FPS REMARKS :
0100 16,665 . ’

D TO 1 15,730 o - -
DTO2 15,880 . : :
oTO03 15,960 .. B
DTO & 15,040 . N
o703 16,615 .. :
b T08 16.875 o -
« DENOYES VEKTICAL READING STRAIGHT THROUGH ROOF,
- «+ DENOTES DIAGONAL. READINGS TAKEN FRO STATION D OM
TOP TO POINTS ON UNDERSIDE OF THE ROOF. -
- - - STATIOM LOCATION AND z

FULSE VELOCITY DATA, |-
STATION D ON ROOF
ECS BUILDING

‘
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